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Sample A Sample B Sample C Sample D

Target AlCr (70:30) | AIGr (70:30) | AICr {70:30) | AICr (70:30)
Substrate bias [V] -60 -60 -60 -80
Substrate temperature [°C] 550 550 550 550
Oxygen flow [scem] 400 400 600 600
Average arc current [A] 200 200 200 200

Base: 50 A Base: 50 A
Arc current parameter DC Pulse: 420 A | DC Pulse: 420 A

10° Ais 10° AJs
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1
METHOD FOR PRODUCING COATINGS
WITH A SINGLE COMPOSITE TARGET

The invention is related to a method to generate and control
the intrinsic stress of thin layers deposited by PVD, especially
by cathodic arc evaporation.

RELATED ART

Cathodic arc evaporation is the dominant PVD technology
to produce wear resistant coatings for cutting tools. One
reason for this is the robustness and the low running costs of
this technology in comparison with sputtering and hollow
cathode evaporation. Another reason is the simplicity to pro-
duce, in addition to pure metallic layers, binary and ternary
nitrides and carbo-nitrides in reactive processes which do not
require a sophisticated control of the reactive gas flow like it
is the case for sputtering and evaporation. This process fea-
ture is especially important for batch-type processing in pro-
duction environment with its varying loads and the limited
control over degassing of the different substrate types due to
the fabrication steps before the PVD arc deposition.

Recently, the arc technology was extended to the formation
of oxides in the P3e™ production approach (J. Ramm, M.
Ante, T. Bachmann, B. Widrig, H. Brandle, M. Débeli, Surf.
Coat. Technol. 202 (2007) 876, WO 2006/099758, WO 2006/
099760, WO 2008/009619). The main advantage of this new
technology is the possibility to reduce the substrate tempera-
ture to about 500° C., but still forming high temperature
crystalline corundum-type structures under this condition (J.
Ramm, M. Ante, H. Brindle, A. Neels, A. Dommann, M.
Dobeli, Advanced Engineering Materials 9 (2007) 604). This
advantage is two-fold. On the one hand, substrate materials
can be coated which cannot resist the high process tempera-
tures in CVD processing for oxide formation, e.g. high speed
steel. On the other hand, the extrinsic stress due to the thermal
mismatch between the oxide layer and the substrate is
reduced.

One issue of special importance for applications of these
PVD oxides for cutting tools is the control of the intrinsic
stress in the layer. In contrast to PVD nitride layers, oxides
usually exhibit small and mostly tensile stress if the layers are
deposited in pure oxygen atmosphere and at moderate sub-
strate bias voltages (between —60 C and 0 V). This is a dis-
advantage in some cutting tool applications because tensile
stress cannot resist the crack propagation as easily as itknown
from experience for the PVD nitrides which exhibit usually
large compressive stress (-2 to -6 GPa). The experience
proves that especially in interrupted cutting operations coat-
ings exhibiting compressive stress have advantages. There-
fore, a method to influence the intrinsic stress is of great
practical interest.

It is known that the ion current drawn over the substrate by
anapplied negative substrate voltage (so called substrate bias)
plays an essential role in the generation and optimization of
the intrinsic layer stress (A. Anders, Cathodic Arcs, Springer,
2008, pp. 376, p. 439). Unfortunately it was found that arc
evaporation in pure oxygen reactive gas reduces for similar
process conditions the ion substrate current significantly, not
only in comparison with the evaporation of metals in argon
gas, but also in comparison with the operation of the arc
sources in nitrogen atmosphere. This is an effect which could
be due to “target poisoning” (A. Anders, Cathodic Arcs,
Springer, 2008, pp. 414) or other chemical processes in the
plasma or at the substrate surface. The addition of argon to the
oxygen gas and higher (more negative) bias have the potential
to influence the intrinsic stress. However they may result in
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2

disadvantages like increased (and preferential) sputtering of
the substrate surface and create layer instabilities due to the
incorporation of argon in the layer.

DISADVANTAGES OF THE STATE OF THE ART

The state of the art for the synthesis of oxides (and the
original motivation for the development) produced by arc
evaporation is characterised by the following drawbacks:

1. The oxide layers exhibit low and usually tensile stresses. If
it is applied to a cutting tool, the coating cannot prevent
crack propagation for some applications, especially if the
coated tool is utilized in some interrupted cutting pro-
cesses.

2. A possible method to induce compressive stress in the
layers could be the utilization of higher (more negative)
substrate bias. However, the substrate ion current in the arc
deposition processes utilizing oxygen as reactive gas is
very low compared to processes for the deposition of met-
als, metal nitrides and metal carbo-nitrides.

3. The addition of argon to the oxygen did not increase the
substrate ion current and is therefore not suitable for
designing specific layer stress.

4. Experiments showed that the reduction of the oxygen reac-
tive gas pressure to the minimum value necessary to
achieve stoichiometric oxides at the substrate surface will
also increase the substrate ion current. However, the opera-
tion at reduced oxygen pressure will also increase the
evaporation rate. Balancing of both effects needs a more
sophisticated process control.

Besides the aspects mentioned above, there is a need for
additional strategies to generate and control the intrinsic
stress in oxide coatings with the goal for increasing hardness
and fracture toughness of the oxides, i.e. finding possibilities
of altering the basic properties of the oxide material.

OBIJECTIVES OF THE INVENTION

It is the objective of the present invention to provide a
method for producing improved coatings on substrates.
Improvement for example related to mechanical, optical and
or electronical properties.

SUMMARY OF THE INVENTION

The present invention is based on investigations which
were conducted with the goal to find methods of influencing
the intrinsic layer stress. The results shown were obtained
from the experiments in which (Al1-xCrx)203 layers were
synthesized utilizing Al—Cr composite targets for the arc
evaporation. However, it will become clear to the experts that
the results are valid also for other ternary (and higher) oxides
based on depositions utilizing composite targets and can also
be applied for ternary (and higher) nitrides. Because ternary
oxides are quite new materials produced by arc evaporation
(WO 2006/099754, WO 2008/043606) and therefore not yet
investigated in all details, the search for possibilities to gen-
erate, control and influence the intrinsic stress in these mate-
rials and to gain basic knowledge to optimize the performance
of these materials for cutting tools is of interest.

Therefore, it was the intention to investigate the pulsed
operation of the arc sources (like it is described in previous
patent applications of the same inventor (WO 2006/099758,
WO 2006/099760) and it’s effects on the substrate ion current
as one strategy to balance the drop in substrate ion current and
to gain a useful process parameter for influencing the intrinsic
layer stress.



US 9,416,438 B2

3

Surprisingly, in addition to this another new method was
found during these investigations which could be used also to
influence the intrinsic layer stress. This method is based on
the formation of multi-layer coatings in a simple and cost-
effective method.

Based on this method, layers can be synthesized which
exhibit unique structures and for which the intrinsic stress can
be engineered also under production conditions.

Besides altering mechanical layer properties, this method
has also the potential to alter electrical and optical properties
in ternary and higher compounds, especially in oxides.

The method is based on the utilization of binary (or with
more than 2 constituents) targets which are utilized as cathode
inaDC orpulsed curvilinear arc discharge. Curvilinear in this
context means asymmetric with respect to an axis normal to
the target surface. As the inventors found, such a curvilinear
arc discharge leads to a partial separation of the ions of
different metals. This partial separation of the metal ions
results in a higher concentration of ions of a first metal in a
first area and higher concentration of ions of a second metal in
a second area of the coating chamber. When substrates to be
coated are passing the first area and subsequently passing the
second area, the deposited layer shows different concentra-
tions of the metals. It should be noted that such a concentra-
tion change may be reached as well with non moving sub-
strates if the asymmetry of the arc discharge is switched.

The inventors where not able to prove what causes the ion
splitting in the context of such an asymmetric arc discharge.
However, as a working hypothesis it can be assumed that the
arc curvilinearity which can easily guide the electrons to the
anode will not guide the ions with the much higher mass and
inertness as well. As the ions tend to leave the discharge in a
straight way, the charge separation may cause electric forces
which bend the ions back to the discharge. For different ion
masses and charge states, this back bending results in ion
splitting.

One possibility to improve coatings is to manipulate (in-
crease and/or decrease) intrinsic stress of the coating. Accord-
ing to the present invention new methods of oxide (but not
restricted to oxides only) layer synthesis are demonstrated
which can be utilized to control and increase/decrease the
intrinsic stress.

According to the inventive method the compressive stress
may be increased, especially in oxides, based on the utiliza-
tion of preferably a single composite target for the arc evapo-
ration.

The inventive method may be used in production systems
comprising rotating as well as non-rotating substrates.

According to the present invention intrinsic stress may be
generated and controlled in binary and higher compounds
based on the formation of multi-layered structures which
originate from stoichiometric variations of the target constitu-
ents in the layer as a function of coating depth. In addition
variations in lattice parameters or even in the crystal structure
of the crystal may be introduced in the multilayer. These
multi-layer structures can be controlled also in production
systems down to the nanometer scale of the bilayer.

With the inventive method generation of strain in these
multi-layer structures by strained-layer epitaxial growth is
possible. This allows the specific influence on the mechanical
properties of the layer. It is also the base for influencing
electrical and optical properties of the layer material based on
the mechanical strain generation.

These methods are based on the utilization of targets com-
prising more than one constituent, i.e. binary, ternary or tar-
gets with more constituents. Although this method can be
utilized for metals, nitrides, carbo-nitrides and other com-
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pounds, especially applications for oxides are described here.
Although cathodic arc evaporation is the preferred method to
generate these layers, the method can be also used in sputter-
ing and high power pulsed sputtering provided that high
enough discharge currents can be generated and high enough
ionization of the vaporized target material can be achieved in
the curvilinear discharge current.

DESCRIPTION OF THE FIGURES

FIG. 1a shows a substrate current obtained for the DC
operation of the cathodic arc source with 200 A and the
substrate bias of —60 V utilizing one Al—Cr target. The
bipolar bias of 25 kHz has a negative pulse length o 36 pis and
a positive pulse length of 4 us.

FIG. 156 shows a substrate current for the pulsed operation
of the arc source (time scale different from 1a). The 25 kHz
substrate bias is superposed by the pulses of the arc power
supply with the frequency of 700 Hz resulting in substrate ion
currents up to 28 A.

FIG. 2a shows the cross section SEM (X-SEM) micro-
graph of sample A prepared utilizing DC operation of the arc
sources with an oxygen flow of 400 sccm showing a dense
morphology.

FIG. 2b shows an X-SEM micrograph of sample C pre-
pared utilizing DC operation of the arc sources, but with an
oxygen flow of 600 sccm resulting in a coarser morphology of
the oxide layer.

FIG. 2¢ shows an X-SEM micrograph of sample D pre-
pared utilizing pulsed operation of the arc sources, again with
an oxygen flow of 600 sccm exhibiting columnar morphol-
ogy.

FIG. 3a shows the cross-section micrographs obtained by
TEM forsample A. The pictures shows a multi-layer structure
with overlapping grain growth (the growth directions is indi-
cated by the arrow).

FIG. 3b shows the cross-section micrographs obtained by
TEM for sample B. The multi-layer consists of thicker bilay-
ers with seemingly reduced grain growth (white bar in the
picture is contamination from a previous line scan).

FIG. 4 shows an EDX compositional analysis of sample B
for the region indicated by the arrow in the figure. The depth
profile shows fluctuations of the Al and Cr concentrations in
opposite directions.

FIG. 5 is a sketch of the deposition geometry for lateral
equidistant arranged samples at fixed positions in the depo-
sition chamber to investigate the Al/Cr ratio (view from top).

FIG. 6 shows the Al/Cr ratio determined by RBS in func-
tion of the lateral distribution of the samples depicted in FIG.
5. There is no symmetry with respect to position Z (substrate
at central position at the symmetry axis with target), but a
steady increase of Al/Cr from left to right.

FIG. 7 shows XRD patterns of A, B, C and D. The 20 scans
were performed at a grazing incident angle of 1°. The areas
designated by S cover the peaks from the substrate.

FIG. 8a shows high resolution X-TEM micrograph for the
interface near region of sample A is shown with the inserted
Fourier transform of the intensity pattern of the framed
region. No clear assignment to a crystal structure and a mate-
rial could be made for this pattern.

FIG. 85 shows the interface of sample B obtained by pulsed
operation of the arc sources was investigated by X-TEM. The
pattern obtained after Fourier transformation can be fitted
with the corundum structure.

FIG. 9 shows the variation of the lattice constant a and ¢ for
the (AL,Cr)203 solid solution in function of the Cr content.
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FIG. 10 shows a set-up for a shielding which can be used to
influence the concentration gradient within the multi-layer
coating. The shieldings can be fixed to the rotating table and
prevent the substrates to be coated when the substrate-trees
are passing the target. By this it is possible to realize sharper
concentration changes as the substrates are not coated when
they pass the target. By this a so called concentration saw
tooth profile coating may be realized.

DETAILED DESCRIPTION OF THE INVENTION

The invention is based on experiments which were per-
formed in an Innova production system of OC Oerlikon Balz-
ers AG. For the experiments, the system was modified with
respectto arc power supplies. The samples selected for analy-
sis were prepared with three arc sources only. Two of them
were equipped with a Cr target for the deposition of the
interface. Only one Al—Cr composite target with a nominal
composition of 70 at % Al and 30 at % Cr was used for the
third source to synthesize the Al—Cr—O functional oxide
layer. The target was mounted close to the chamber wall. The
substrates were fixed to a substrate holder which was a sub-
strate tree rotating about its stock. The substrate tree was
mounted to the periphery of a rotating table with a vertical
rotational axis.

The substrate tree rotated with a velocity of 7 cycles per
minute. Convenient is a rotation velocity between 5 cycles per
minute and 90 cycles per minute. The rotating table rotated
with a velocity of 1.6 cycles per minute. Convenient is a
rotation between 1 cycle per minute and 30 cycles per minute.
As a rule of thumb, the substrate tree should rotate at least 3
times faster than the table. Preferably the substrate tree rotates
at least 5 times faster than the table. Most preferably the
substrate tree rotates at least 10 times faster than the table.

The target and the substrates were positioned at the same
height. The substrates (polished cemented carbide inserts
and/or pieces of silicon wafers which were (001)-oriented)
were wet chemical cleaned before deposition. After evacua-
tion of the process chamber to a pressure below 10-5 mbar,
standard heating to 500° C. and argon ion etching were per-
formed to ensure a good layer adhesion to the substrate.

An adhesion layer of about 150 nm Cr was deposited first.
The arc sources were operated in pure argon gas during this
process step. In the next step the evaporation of the Al—Cr
composite target was initiated and oxygen controlled by a gas
flow meter was added to the chamber. Simultaneously, the
argon flow was ramped down and the two Cr sources were
switched off after a few minutes. The deposition of the sub-
strates with the Al—Cr—O functional layer was performed in
pure oxygen atmosphere and with constant oxygen flow. The
arc sources were operated either with DC current (sample A
and C) or with pulsed current (sample B and D). An arc
current of 200 A was chosen for the DC mode. In the pulsed
mode, a continuous base current of 50 A was superposed with
current pulses. The principal of the pulsed operation of the arc
sources in oxygen reactive gas was already described in the
previous patent applications of the inventor (WO 2006/
099758) in greater detail. A single commercial available
power supply was used in the experiments here which could
be operated in DC as well as in the pulsed mode. The pulse
width, the pulse height and the frequency of the pulses were
chosen in a way that the time average of the pulsed arc current
was 200 A as well. For all depositions, a substrate temperature
of 550° C. and a substrate bias of -60 V were chosen. This
(low) bias value has only little influence on stress formation in
the layer. It was selected to reduce overlapping eftects with
other origins of stress in the coatings. The bias value was also
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kept constant for all depositions. It is known by the experts in
this field that the increased (more negative) substrate bias will
tend to increase the energy of condensation of the ions and
generate compressive layer stress (A. Anders, Cathodic Arcs,
Springer, 2008, pp. 365). It was, however, not the objective of
this work to find or prove the functional dependency also for
oxides deposited by cathodic arc evaporation, but to find
additional principals of generation and influencing the layer
stress. The bipolar bias voltage in the experiments had a
frequency of 25 kHz with a length for the negative pulse 0f 36
us and 4 us for the length of the positive pulse. These param-
eters have been shown to allow a reliable deposition process
for the synthesis of oxides and avoid the generation of arcs at
the substrate surface. The value of the bias results in a mod-
erate ion bombardment during the whole pulsed arc current
sequence, however, at energies which make sputtering of the
substrate surface in pure oxygen atmosphere very unlikely.
The main deposition parameters are summarized in Table 1.

The origin of the intrinsic stress is multifaceted (L. B.
Freund and S. Suresh, Thin Film Materials, Cambridge, 2003,
pp- 60). As already indicated, the substrate ion current is an
important process parameter to influence the stress. It is uti-
lized to control the dissipated energy at substrate site, influ-
ence the condensation process and therefore also the growth
and the material properties of the deposited coating. The main
objective of the investigations was therefore the search for
methods to compensate the remarkable drop in the substrate
ion current during arc evaporation in oxygen atmosphere and
to find additional methods to generate and control the layer
stress.

During the investigations a new method of forming multi-
layer structures in a surprisingly simple way was invented.
This method allows the growth of strained layers and there-
fore the altering of the intrinsic stress by the alteration of the
strain energy in the layer.

The following comprises a description of the experiments
which show the basis of the invention.

The measurements of the substrate ion current were per-
formed during layer deposition with an oscilloscope. In the
example only one substrate-tree out of ten was left in the
chamber at which the substrates were mounted. This means
that the substrates experienced two-fold rotation during depo-
sition: the rotation of the substrate table (2) and the rotation of
the substrate-tree (4) placed at the circumference of the sub-
strate table (see FIG. 5).

In addition to the measurements of the substrate current,
the deposited layers were analyzed by the following methods:

The morphology of the layers was investigated by cross-
section scanning electron microscopy (X-SEM) in a LEO
1530 scanning electron microscope.

The layer composition of the oxide coatings synthesized
has been analyzed by Rutherford Backscattering Spectrom-
etry (RBS) (W. K. Chu, J. W. Mayer, M. A. Nicolet in: Back-
scattering Spectrometry, Academic Press, 1978). The mea-
surements have been performed using a 2 MeV, 4He beam
and a silicon surface barrier detector under 165°. The col-
lected data have been evaluated using the RUMP program (L.
R. Doolittle, Nucl. Instr. and Meth. B15 (1986) 227). Under
these conditions, this method allows an analysis of the top
layer down to a depth of about 500 nm. Transmission electron
microscopy (TEM) on cross sections of the layers was uti-
lized to investigate the layer morphology by bright- and dark
field imaging, the crystal structure by selected area electron
diffraction (SAED) and the layer composition with high spa-
tial resolution energy dispersive X-ray spectroscopy (EDXS)
combined with scanning transmission electron microscopy
(STEM). The cross sections were prepared by the focused ion
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beam technique (FIB). A TEM/STEM FEI Tecnai F30 micro-
scope working at an accelerating voltage of 300 kV and
equipped with a field emission gun and a Li EDX spectrom-
eter was used.

The crystallinity of the layers has been studied by X-ray
diffraction analysis. The measurements were performed on a
PANa-lytical X'Pert MRD PRO using Cu Ka-radiation in the
/20 mode. The ICDD-data base (PDF-2, International Cen-
tre for Diffraction Data, 12 Campus Boulevard, Newtown
Square, Pa. 19073) was used to identify the crystallographic
phases being present in the coatings. In the ®w/20 scans, the
peaks from the substrate (WC) are dominating with respect to
the layer peaks. In order to obtain more information for the
deposited functional layer and interface, the XRD measure-
ments have been additionally performed at a grazing incident
angle of 1°.

High resolution XRD has been used to determine stresses
in the deposited layers. The curvature of the Si(001) substrate
wafer has been determined by the “travelling peak” technique
which consists on the measurement of Rocking Curves
(RC’s, Si(004) reflection) at different positions on the
sample. The curvature radius was used to calculate the stress
based on the Stoney (G. Stoney, Proc. R. Soc. London, Ser. A
82,172 (1909)) equation. The resulting stress value combines
extrinsic and intrinsic stress. The extrinsic or thermal stress is
caused by the different coefficients of thermal expansion
between substrate and layer. Because it was the goal of the
experiments to elucidate the influence of the different modes
of operation on intrinsic stress only qualitatively, the two
stress contributions are not separated in this discussion.

The following results were obtained:

The substrate current as a function of time is shown in FIG.
1a for the DC operation of the arc source with 200 A arc
current. The time interval for “ion plating” (negative bias) is
36 ps and for 4 us a positive potential of the same value is
applied to allow for discharging of the deposited oxide by the
electrons of the plasma. FIG. 156 (different time scale) dis-
plays the substrate current for the pulsed arc current. In this
case a steady state (base) current of 50 A was superposed with
a pulse current of 420 A at a pulse frequency of 700 Hz. The
figure shows the superelevation of the ion current during the
pulse and the superposition which is caused by the 25 kHz
substrate bias. Values of up to 30 A ion current are measured
during the pulse of the arc current. The occurring beats
between bias and arc current were time averaged to avoid
erroneous values in the integration of the ion currents. The
time average of the ion current (negative current region)
resulted in a value of 2.8 A for the DC mode. In contrast to
this, the substrate ion current increased to 4.9 A for pulsed arc
current with the same time average of 200 A. The value of the
substrate ion current depends on the specific pulse parameter,
especially the height of the superposed pulse and the steep-
ness of the pulse, which was 106 A/s for this experiment.
Despite the clear increase in the substrate ion current, no
difference was measured for the evaporation rate (target mass
loss per average arc current per time).

The increased ion current has been attributed in the litera-
ture mainly to an increase of the charge state of the ions (A.
Anders, S. Anders, B. Jittner, I. G. Brown, IEEE Trans.
Plasma Sci. PS-21 (1993) 305; A. Anders, IEEE Trans.
Plasma Sci. 26 (1998) 118; H. Fuchs, H. Mecke, M. Ellrodt,
Surf. Coat. Technol. 98 (1998) 839). To verity if this is also
the case for our pulse parameters, the arc sources were oper-
ated in DC as well as pulsed mode but in pure metal vapour,
i.e. without working or reactive gas. This results in a working
pressure of approximately 5x10-5 mbar which is about two
orders of magnitudes lower than during oxide synthesis. For
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both arc modes identical substrate ion currents were obtained.
Based on this finding, it is believed that the increased sub-
strate ion current in the experiments discussed here is mostly
due to an additional ionization of the oxygen reactive gas.

For completeness, it was tested if the addition of argon to
the oxygen reactive gas results in an increase of the substrate
ion current. This was not the case. It therefore can be con-
cluded that pulsing of the arc discharge is to date the only
known route to increase the substrate ion current for arc
discharges in oxygen reactive gas.

The influence of the different arc current modes (pulsed or
DC) on layer growth was investigated next for the samples
prepared according to Table 1. It is well established that the
increase in the bias voltage will alter the intrinsic layer stress.
This is, however, not investigated in these experiments for
which by intention a low bias voltage of constantly -60V was
chosen. This bias voltage was kept constant for all the experi-
ments.

Only one powder-metallurgical target (1, FIG. 5) was uti-
lized for the deposition of the functional oxide layer with a
nominal composition of 70 at % Al and 30 at % Cr. Also only
one substrate-tree (4) was utilized in the deposition process,
and the substrates were mounted on this tree at the height of
the arc source. The substrates experience two-fold rotation: a
slower rotation from the substrate table (2) and the additional
rotation with higher frequency from the single substrate-tree
4).

The layer morphology obtained from the X-SEM micro-
graphs was compared first. No significant differences could
be found between sample A (FIG. 2a) prepared in the DC
mode and sample B (not shown) of the pulsed mode at this
magnification. However, a distinctive difference in the mor-
phology is visible if sample A is compared with sample C
(FIG. 2b) which was fabricated in the DC mode, but at the
higher oxygen flow of 600 sccm. While the layers deposited
with 400 sccm show rather dense and structure-less morphol-
ogy in the cross-section, larger crystallites of oxides are
formed at higher oxygen flow with a slight tendency of
columnar growth. This tendency seems stronger for sample D
which was prepared with pulsed arc current (FIG. 2¢).

The stress of the samples was measured next. For sample A
and B the Bragg peaks in the XRD spectrum are or not sharp
enough to allow for an estimation of the stress. Low tensile
stress of about (250+50) MPa was measured for sample C and
D. It should be recalled that according to our experience from
other experiments the oxygen flow influences a number of
deposition parameters, especially for flows below 400 sccm.
First, the evaporation rate is increased by decreasing the
oxygen flow. Simultaneously with the reduction of oxygen
flow, the substrate ion current is increasing. Both effects
result in the formation of an amorphous morphology accom-
panied with a reduction in the crystallite size. However, there
is no influence on layer composition for the surface-near
coating region (see RBS results below) and this raises the
question (which is addressed below) if there are differences in
the interface formation. For the substrate bias of =60 V, the
increased substrate current stemming from the pulsed arc
sources has, as expected, no significant influence on the
stresses of the oxide layers and contributes to reactive gas
activation only (sample C and D).

However, increasing the substrate bias (more negatively
values) results in the formation of compressive stress. The
value of the compressive stress depends also strongly on the
oxygen gas pressure during deposition. Both facts were veri-
fied in additional experiments.

The thickness of sample B was measured to be 2.5 pm
which is much thicker than for sample A (1.8 um). Because
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there was no difference between the evaporation rate of the
DC and the pulsed mode, it was concluded that the evapora-
tion characteristics are different for these modes resulting in
different thickness distributions at the substrate site. It could
be confirmed that the thickness distributions of the pulsed arc
source has a more directional evaporation characteristics:
more material is evaporated into a smaller solid angle perpen-
dicularto target surface. It results in higher deposition rates at
the same height of the source (i.e. perpendicular to the target
surface) but in a steeper decay of the deposition rate at other
angles if it is compared with the DC thickness distribution.
This explains the differences in the thickness of the samples A
and B. The degree of directionality of the evaporation char-
acteristics can be influenced by the pulse parameter, espe-
cially by the difference between base and pulse current and
the steepness of the pulse and is therefore mainly determined
by the properties of the arc current power supply. This finding
can be explained by the plasma column contraction generated
by the intrinsic magnetic field described in (E. A. Zverev, . A.
Krinberg, Technical Physics Letters, 26(4) (2000) 288).

The stoichiometry of the layers was determined by RBS.
From the measured spectrum (not shown) it was concluded
that the layer composition was uniform in the surface-near
coating region to a depth of about 500 nm. For sample A the
composition of (Al1.35Cr0.65)03.00 was determined, for
sample B  (All.37Cr0.63)03.00, for sample C
(Al1.38Cr0.62)03.00, and for sample D (All1.43Cr0.57)
03.00, respectively. Based on the estimated measurement
error of 5%, DC as well as pulsed operation of the arc sources
results in layer compositions which are similar to the compo-
sition of the utilized target.

The cross-section micrographs obtained by TEM for
sample A and B are shown in FIGS. 3a and 4 (wherein the
white bar is contamination from previous line scan), respec-
tively. Surprisingly, a distinctive multi layer structure is vis-
ible in both cross-sections. The number of the bilayers is for
both samples the same and identical with the number of the
rotations of the substrate table (2) in FIG. 5. The multilayer
structure seems more pronounced for sample B, however, it
has to be considered that this could be due to the larger bilayer
thickness.

To understand what causes the multi-layer structure, an
EDX compositional analysis was performed for the samples
in the region indicated by the arrows. The resulting EDX
depth profile of sample B is displayed in FIG. 4. It indicates an
alternating composition in the layer of the target constituents
Al and Cr with opposite directions to each other. This means
that the ratio of the constituents of the utilized target is
responsible for the multi-layer formation.

Recalling the fact that only one Al—Cr source was utilized
for deposition, the question for the origin of the multi layer
structure is raised. The moderate substrate bias of -60 V and
the abandonment of any argon gas during oxide deposition
make position dependent substrate sputtering very unlikely. A
distance-dependent reactivity of the oxygen (and the target
components) could, however, not be excluded. In addition,
there were also speculations about different evaporation char-
acteristics of the target constituents.

To elucidate the reasons for the multi layer structure, a
deposition was performed without substrate rotation onto
lateral equidistant arranged samples. The arrangement is
illustrated in FIG. 5 (top view). Silicon samples were coated
utilizing the deposition parameters of sample A (DC arc cur-
rent). The compositions of these samples were determined by
RBS and the ratio of Al/Cr is displayed in FIG. 6. The
obtained curve shows no symmetry with respect to position Z
(substrate at central position at the symmetry axis with target)
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10
but a steady increase of Al/Cr from left (L) to right (R). The
asymmetry is a strong indication that neither the evaporation
characteristics nor reactivity aspects can explain the fluctua-
tions in the multi layer.

Ithas to be mentioned that the place of the anode for the arc
discharge is not positioned at the symmetry axis perpendicu-
lar to the target centre and its surface. Therefore, there is no
straight arc discharge created. Instead the discharge has a
curvilinear characteristic on its way from the cathode to the
anode.

This is the base for the explanation of the position-depen-
dent Al/Cr distribution displayed in FIG. 6 and gives the
explanation for the different ratios of the Al/Cr at different
positions in the deposition chamber. The constituents of the
target are vaporized during arc operation and partially ionized
in the arc. The curvilinear transport of the ionized Al and Cr
vapours in the discharge is the reason for the partial splitting
of'the materials. According to the different masses of the two
ionized target constituents, the ionized vapour is splitted
according to the different mass and charge state of the ionized
vapour. And this establishes a gradient of concentration in the
deposition system. During rotation, the substrates are
exposed to different position-dependent Al/Cr concentrations
and a multi-layer structure is created.

The separation of the target constituents in the curvilinear
arc discharge is of course only a partial one. One reason is that
the neutral vapour or droplets are not separated at all. The
other reason is that the charge state of the vaporized target
constituents depends on the material and the value of the arc
current and may also depend (if other pulse parameter are
chosen) from the shape of the pulse current. The separation
will also depend on the radius and length of the arc discharge.
However, if these process parameters are fixed, the multi-
layer generation was proven to be reproducible.

The profile of the concentration gradient within the multi-
layer coating may be in addition influenced by using a shield-
ing fixed to the rotating table and preventing the substrates to
be coated when the substrate-trees are passing the target. By
this it is possible to realize sharper concentration changes
because the substrates are not coated when they pass the
target. By this a so called concentration saw tooth profile
coating may be realized. FIG. 10 shows such a setup with four
substrate trees mounted to the table as well as the shieldings.

Adding even more substrate-trees to the chamber is pos-
sible and this method can be implemented in batch-type pro-
duction systems.

In summary, two prerequisites have to be fulfilled to create
the multi-layer: a curvilinear arc discharge and a target con-
sisting out of minimal two constituents.

The resulting “ion splitting” occurs not only in lateral
(horizontal) direction, but also vertically provided that there
exists also an asymmetry in the discharge. This means that the
place of the anode of the discharge can be asymmetric in
horizontal as well as in vertical direction and of course also in
both directions.

The rotation of the substrate is not a prerequisite for the
multi-layer generation. It can also be produced at fixed sub-
strates assuming that the place of the anode for the discharge
can be changed during deposition, i.e. by the utilizing of
alternating anodes placed at different locations in the depo-
sition chamber.

The finding shows a method to form multi layer-structures
based on slight variations in the stoichiometry if composite
targets are used in the deposition process and if an asymmetry
in the discharge current is established.

The nice thing is that the multi-layer is formed essentially
in the same material system which is determined by the target
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constituents. In the simplest form this results in a multi-layer
which consists only out of the target material. However, for
many applications one or more reactive gases will be added
during arc evaporation which will react with the target mate-
rial to form the layer. These gases can be nitrogen, hydrocar-
bons, silan, hydrogen and all other gases necessary for the
layer synthesis and also mixtures of these gases.

Especially preferred is oxygen as reactive gas to synthesize
oxide layers. It is known from previous patent applications of
the inventor (WO 2006/099754, WO 2008/043606) that the
oxides may have amorphous structure or may be synthesized
in a defined crystal structure, e.g. in corundum-type structure
of the Al—Cr—O solid solution.

In the latter case the multi-layer (or the variation of the
concentration versus depth) produces a variation of the lattice
constant during growth if the deposited layer growths in the
same crystal lattice only (FIG. 9, for AI—Cr—O system). If
this variation is small enough or if the thickness is below a
critical thickness for relaxation, this results in strained layer
growth of oxides which can be partially epitaxial, e.g. with
respect to larger crystal grains. In other words, for the dis-
cussed experiments it results in the strained layer (partially
epitaxial) growth in the corundum-type structure of the
Al—Cr—O solid solution.

The disclosed facts elucidate a simple method to generate
and control the intrinsic layer stress based on the generation
of strained multi-layers. The procedure could assist standard
methods (A. E. Santana, A. Karimi, V. H. Derflinger, A.
Schiitze, Surf. Coat. Technol. 163-164 (2003) 260) to gener-
ate multi-layer structures which utilize different target mate-
rials in combination with substrate rotation, however, do not
need different target material for the multi-layer generation.
The necessary requirements are composite targets and a cur-
vilinear arc discharge resulting in a splitting of the ionized
vapour of the target constituents in the discharge.

Samples A and B show lower crystallinity in the corundum
phase than samples C and D (XRD spectra in FIG. 7). The
crystallite size for samples C and D was estimated to be about
20 nm while the crystallite size in samples A and B is signifi-
cantly smaller which can be seen in the very broad reflections
and which is also supported by the comparison of the layer
morphology between A and C (FIGS. 2a and 26). The X-TEM
pictures (FIGS. 3a and 35) show alternating layers related to
a variation of the Al/Cr contents in the corundum phase. The
thickness ofthese layers is in the range of 10 nmto 15 nm. The
crystal growth seems to be suppressed by this fluctuation in
the Al/Cr contents explaining the much broader diffraction
peaks for A and B (FIG. 7). The suppressed corundum phase
formation could be also the result of the lower oxygen flow.
The higher oxygen flow of 600 sccm supports the crystal
growth and results in much higher crystallinity of the corun-
dum phase which can be seen for samples C and D. This
growth also shows a distinctive difference in the texture for C
and D.

Based on these findings, the generation of these (“intrin-
sic”) multi-layers can be used to support fine crystalline
growth down to nanometer or atomic scale, namely via con-
trolling the thickness of the bilayers. It is therefore a tool to
control crystallite sizes and influence the mechanical proper-
ties like hardness and toughness.

On the other hand, it can generate intrinsic stress in single
crystallite growth by altering the strain energy of the coating,
i.e. by variation of the layer stoichiometry in small layer
dimensions.

Based on the results the following conclusions can be
drawn.
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Pulsing of the arc sources is to date the only method to
compensate for the strong reduction of the substrate ion cur-
rent in deposition processes with pure oxygen reactive gas.
The pulsed arc currents result primarily in the excitation of
the oxygen reactive gas for the process parameters discussed
here.

Pulsing alters the evaporation characteristics drastically. In
accordance with the literature (E. A. Zverev, 1. A. Krinberg,
Technical Physics Letters, 26(4) (2000) 288), it is believed
that the increase of the intrinsic magnetic field is responsible
for stronger focusing of the arc discharge. This is reflected in
the thickness distribution in vertical as well as horizontal
direction. More material is deposited under smaller solid
angles in directions perpendicular to the target surface. This
effect may be utilized to control and smooth the thickness
distribution. It may also be used to amplify (in combination
with the increased intrinsic magnetic field) the splitting of the
target constituents in curvilinear discharges. The fact that
there is no influence on the evaporation rate seems consistent
with the picture that pulsing in these experiments affects the
reactive gas only.

The higher substrate ion current from pulsing has little or
no influence on the layer morphology at low (-60V) bias, but
promotes compressive stress at higher (-100 V).

The influence of the oxygen is much more pronounced and
higher oxygen flow changes morphology to larger crystallites
with partially columnar growth. This suggests that already at
low arc current the oxygen is sufficiently reactive at substrate
site. This is also supported by the RBS results which do not
show differences in the stoichiometry, neither in the case of
pulsing nor in the case of higher oxygen flow.

Unexpected was the formation of multi-layers which origi-
nate from the separation of the ions of the target constituents
in a curvilinear arc discharge which results in slight devia-
tions from average stoichiometry.

This is a method to control the intrinsic stress in layers
which are deposited utilizing alloy targets to generate strained
layer epitaxial growth in an amazing simple approach. A
curvilinear discharge for arc evaporation can easily be real-
ized in batch-type systems and hence may be implemented in
production systems. The consequence of such a possibility on
mechanical and also electrical transport properties in oxides
and other materials is of great potential.

Some possibilities were found to influence the intrinsic
stress in ternary oxide materials synthesized by (pulsed) arc
evaporation. Most of them can readily be implemented in
production systems.

Advantages of the Invention

1. The invention shows a method to increase the substrate ion
current in arc evaporation processes utilizing pure oxygen
reactive gas by pulsing of the arc sources. It teaches the
utilization of the increased substrate ion current to influ-
ence the intrinsic stress of the oxide coatings.

2. The invention discloses a method to form multi-layer coat-
ings within one material system for which the metallic or
semi metallic constituents of the coating are defined by the
constituents of the composite target which is utilized for
arc evaporation.

3. The invention teaches a method to separate the constituents
of composite targets in an asymmetric arc discharge with
the help of an anode which is not positioned in the sym-
metry axis perpendicular to the target surface.

4. The multi-layer originates from variations in the stoichi-
ometry of the metallic and or semi metallic constituents of
the target utilized for the cathodic arc evaporation.
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5. The variation in the stoichiometry which causes the multi-
layer structure may result in a variation of the composition
of the formed compounds in the layer, it may also result in
the variation of the lattice constant for the case that only
one compound is synthesized.

6. Therefore, a method is disclosed which allows the realiza-
tion of small lattice constant variations utilizing the varia-
tions in the stoichimetry of the constituents of the target
arising from the ion splitting in the curvilinear (asymmet-
ric) arc discharge.

7. Additionally, a method is disclosed which uses the pulsing
ofthe arc discharge to vary the degree of ion splitting in the
discharge for the formation of multi-layers at standing as
well as rotating substrate.

8. Finally, a method is disclosed in which the place of the
anode for the arc discharge is alternated to create different
ion splitting which results in multi-layers at fixed sub-
strates.

Differences to Prior Art

The invention is related to two different methods of influ-
encing the intrinsic stress in (1) oxide layers synthesized by
cathodic arc evaporation and in (2) layers consisting of two or
more than two elements evaporated from a composite target,
also in cathodic arc evaporation processes.

(1) It was realized that the utilization of oxygen as reactive gas
in the cathodic arc evaporation results in a distinctive drop
of the substrate ion current if one compares with arc evapo-
ration of metals and the synthesis of metal nitrides under
similar process conditions (arc current, gas pressure, bias
voltage). The reason for this is not understood. Knowing
that the substrate ion current (in combination with the
substrate bias) has strong influence on condensation
energy and the formation of intrinsic stress (A. Anders,
Cathodic Arcs, Springer, 2008), the increase of the sub-
strate ion current is essential for the control of the stress in
the deposited layers. It is especially important for oxide
coatings. These coatings tend to have tensile stress. Some
applications (e.g. wear protective coatings for cutting tools
utilized in interrupted cutting processes) require coatings
exhibiting compressive stress to prevent cracking. Routes
to increase the substrate ion current are therefore inevi-
table. It was found that the operation of the arc sources with
pulsed current increases drastically the substrate ion cur-
rent. The method is important, because neither the addition
of argon nor the increase of substrate bias alone did alter
the substrate ion current. Also, no increase of the ion charge
state like it is described in literature could be obtained
under the chosen conditions.

(2) The second method discloses a procedure to synthesize
multi-layer structures based on splitting of the ions with
different masses (elements) in a curvilinear cathodic arc
discharge. The source of the ionized vapour is a composite
target consisting out of two or more constituents which is
vaporized in this cathodic arc discharge. The ion splitting
results in variations for the ratio of the different masses
(elements) at different positions in the deposition chamber.
Either a substrate rotation or a variation in the place of the
anode (which varies the way of the curvilinear discharge)
inthe case of fixed substrates generate the multi-layer at the
substrate. Therefore, this multi-layer formation is distin-
guished from other methods of multi-layer generation
which are based either on alternating deposition of differ-
ent materials or on the alternating incorporation of an addi-
tional material (element) to the deposition.
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A method to increase the substrate ion current in cathodic
arc evaporation for the deposition of oxide coatings was dis-
cussed characterized in that the arc sources are operated with
pulsed arc currents.

A method was disclosed to generate position dependent
(time invariable) variations in the ratio of the constituents of
composite target utilizing ion splitting. Preferably this
method is combined with substrate rotation.

A method to generate time dependent variations in the ratio
of the constituents of composite target utilizing ion splitting
by altering the anode position of the arc discharge was dis-
closed. Preferably this method is combined with a fixed sub-
strate position.

A method to generate multi-layer coatings characterized in
that a composite target of two or more constituents is utilized
for the arc evaporation was disclosed. Thereby a curvilinear
arc discharge is established characterized in that that a posi-
tion dependent variation of the ratio of the target constituents
is established.

A multi-layer coating was disclosed synthesized by
cathodic arc evaporation exhibiting essentially the materials
based on the constituents of the composite target for cathodic
arc evaporation and additional reactive gas additions,
whereby the multi-layer is generated by a variation of the
stoichiometry of the target constituents present in the com-
posite target.

This multilayer coating is preferably based on oxides. It is
preferably a binary or ternary coating system.

A multi-layer coating was disclosed which exhibits over
the multi-layer essentially the same crystal structure charac-
terized that the variation on stoichiometry results in variation
of the lattice constant of this same crystal structure. As dis-
cussed, such amultilayer system may result in variation of the
material concentrations of the mixture of the compounds.

The method to generate the multi-layer uses the target
constituents, not with other materials, and does not depend on
gas switching. By generating strained multi-layer coatings
the strain alters optical and electronic properties. In effect,
this can be used to reproducible alter optical and or electroni-
cal properties.

With the help of the method as disclosed strained multi-
layer epitaxial growth may be generated in one material sys-
tem by variation of the stoichiometry of the target constitu-
ents.

A new method to synthesize strained multi-layers is dis-
closed which is based on induced deposition-variations in the
concentrations of the metallic or semi metallic layer compo-
nents which are present in a composite target utilized for the
arc evaporation.

The multi-layers are generated by a variation in the ratio of
the materials (elements) of the same material system which is
present in the composite target.

Aunique feature of the method is the generation of strained
super-lattices regions in the coating, i.e. the realization of the
multi-layer structure in the same crystal lattice by altering the
lattice constants simultaneously with the altering the concen-
trations of target constituents present in the layer.

The strained layer growth obtained by this method may be
used to influence the material properties (e.g. electrical, opti-
cal) by the engineering of the lattice strain.

The method can be utilized in PVD production systems to
synthesize multi-layers in nano-size dimensions.

Although this method can be used for all materials which
can be synthesized from binary (and higher) composite tar-
gets, it is especially suited and advantageously for the syn-
thesis of oxide multi-layers.
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Here, especially the application of the multi-layers for
coatings which improve the performance of cutting and form-
ing tools is described.

The invention pertains to a method for the production of
coatings by physical vapor deposition (PVD), wherein a
binary target or a target with more than two constituents is
evaporated in a curvilinear cathodic arc discharge, causing
the ions with different masses (elements) to be splitted and the
ion splitting results in variations for the ratio of the different
masses (elements) at different positions in the deposition
chamber.

Further, the invention applies to a method that is charac-
terized by a multilayer coating achieved either by substrate
rotation or a variation in the place of the anode, which varies
the way of the curvilinear discharge.

The invention also relates to a method that is characterized
in such a way that the anode is positioned outside the sym-
metry axis perpendicular to the target surface.

Another method according to the invention is characterized
in that for the generation of the multilayer the substrate is
rotated or the substrate is fixed and the place of the anode for
the discharge is changed during deposition.

Furthermore, the invention pertains to a method that is
characterized by the place of the anode for the discharge
being changed by utilizing of alternating anodes placed at
different locations in the deposition chamber.

The invention relates further to a method that is character-
ized in such a way that the substrate bias (substrate ion cur-
rent) is higher than —-100 V.

A further method according to the invention is character-
ized in that the arc sources are operated with pulsed arc
currents. Further, the invention applies to a method that is
characterized in that pure oxygen is used as a reactive gas.

The invention also pertains to a method that is character-
ized in such a way that the metallic or semi-metallic constitu-
ents of the coating are defined by the constituents of the
composite target, which is utilized for the arc evaporation.

Another method according to the invention is characterized
in that the target is a single composite target.

Furthermore, the invention relates to a method that is char-
acterized in that the target is an Al—Cr target.

The invention also applies to a method that is characterized
in such a way that the AI—Cr target is a target with an
Al-content of about 70 at % and a Cr-content of 30 at %.

Further, the invention pertains to a method that is charac-
terized by the profile of the concentration gradient within the
multilayer coating being influenced by using a shielding fixed
to the rotating table and preventing the substrates to be coated
when the substrate-trees are passing the target.

Also the invention relates to a method that is characterized
in that the constituents of the target are vaporized during arc
operation and partially ionized in the arc, wherein the curvi-
linear transport of the ionized metal vapours in the discharge
leads to the partial splitting of the materials according to the
different masses of the two ionized target constituents,
wherein the ionized vapour is splitted according to the differ-
ent mass and charge state of the ionized vapour, which estab-
lishes a gradient of concentration in the deposition system.

The invention furthermore pertains to a method that is
characterized in such a way that the asymmetry in the dis-
charge occurs in the lateral (horizontal) and/or vertical direc-
tion in such a way that the anode of the discharge can be
asymmetric in horizontal as well as in vertical direction or in
both directions.

What is claimed is:

1. A method for production of coatings by physical vapor
deposition (PVD), comprising:
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evaporating a single composite target with two or more
constituents in a curvilinear cathodic arc discharge that
is asymmetric with respect to an axis normal to a surface
of the target, causing ions with different elements to be
split, resulting in variations of a ratio of the ions with
different elements at different positions in a deposition
chamber,

wherein a multilayer coating is achieved by substrate rota-

tion,

wherein asymmetry in the curvilinear cathodic arc dis-

charge occurs in a horizontal and/or vertical direction in
such a way that the anode of the curvilinear cathodic arc
discharge is asymmetric in a horizontal or in a vertical
direction or in both directions,

wherein the multilayer coating is generated using a single

curvilinear cathodic arc discharge, and

wherein at least the substrate to be coated is passed through

a first area of the deposition chamber having a higher
concentration of ions of a first metal from the single
composite target and subsequently passed through a sec-
ond area of the deposition chamber having a higher
concentration of ions of a second metal from the single
composite target in such a manner that the multilayer
coating comprising layers having a higher concentration
of ions of the first metal and layers having a higher
concentration of ions of the second metal is deposited on
the substrate to be coated.

2. The method according to claim 1, characterized in that
the anode is positioned outside of a symmetry axis perpen-
dicular to a target surface.

3. The method according to claim 1, characterized in that a
substrate bias or a substrate ion current is higher than —-100 V.

4. The method according to claim 1, characterized in that
sources of the curvilinear cathodic arc discharge are operated
with pulsed arc currents.

5. The method according to claim 1, characterized in that
pure oxygen is used as a reactive gas.

6. The method according to claim 1, characterized in that
metallic or semi-metallic constituents of a coating are defined
by constituents of a composite target, which is utilized for arc
evaporation.

7. The method according to claim 1, characterized in that
the target is an Al—Cr target.

8. The method according to claim 6, characterized in that
the target is an Al—Cr target with an Al-content of about 70%
and a Cr-content of about 30%.

9. The method according to claim 1, characterized in that a
profile of a concentration gradient within the multilayer coat-
ing is influenced by using a shielding fixed to a rotating table
and preventing the substrate from being coated when sub-
strate-trees are passing the target.

10. The method according to claim 6, characterized in that
the constituents of the composite target are vaporized during
arc operation and partially ionized in an arc, wherein a cur-
vilinear transport of ionized metal vapours that is asymmetric
with respect to an axis normal to a surface of the target in the
curvilinear cathodic arc discharge leads to a partial splitting
of materials according to the different elements of two ion-
ized target constituents, wherein the ionized metal vapour is
split according to the different elements and charge state of
the ionized metal vapour, which establishes a gradient of
concentration in a deposition system.

11. A method for production of a multilayer coating by
physical vapor deposition (PVD), comprising:

splitting ions with different elements, the splitting com-

prising evaporating a single composite target with two or
more constituents in a single curvilinear cathodic arc
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discharge that is asymmetric with respect to an axis varying the curvilinear cathodic arc discharge by rotating a
normal to a surface of the target, the asymmetry in the substrate,
single curvilinear cathodic arc discharge occurring in a wherein a ratio of the ions with different elements varies at
horizontal and/or vertical direction; and different positions in the deposition chamber,
varying the single curvilinear cathodic arc discharge by 3 wherein droplets are not separated from the curvilinear
rotating a substrate, cathodic arc discharge, and

wherein at least the substrate to be coated is passed through
a first area of the deposition chamber having a higher
concentration of ions of a first metal from the single

10 composite target and subsequently passed through a sec-

ond area of the deposition chamber having a higher
concentration of ions of a second metal from the single
composite target in such a manner that the multilayer
coating comprising lavers having a higher concentration
15 of ions of the first metal and layers having a higher
concentration of ions of the second metal is deposited on
the substrate to be coated.
13. The method according to claim 1, wherein, for gener-
ating the multilayer coating, the substrate is rotated.

20 14. The method according to claim 11, wherein the single
curvilinear cathodic arc discharge varies by rotating a sub-
strate.

15. The method according to claim 12, wherein the curvi-
linear cathodic arc discharge varies by rotating the substrate.

25 16. The method according to claim 1, wherein a ratio of
ions with different constituents varies at different positions of
each of the multilayer coating.

wherein a ratio of the ions with different elements varies at
different positions in the deposition chamber, and

wherein at least the substrate to be coated is passed through
a first area of the deposition chamber having a higher
concentration of ions of a first metal from the single
composite target and subsequently passed through a sec-
ond area of the deposition chamber having a higher
concentration of ions of a second metal from the single
composite target in such a manner that the multilayer
coating comprising layers having a higher concentration
of ions of the first metal and layers having a higher
concentration ofions of the second metal is deposited on
the substrate to be coated.

12. A method for production of a multilayer coating by

physical vapor deposition (PVD), comprising:

splitting ions with different elements, the splitting com-
prising evaporating a single composite target with two or
more constituents in a curvilinear cathodic arc discharge
that is asymmetric with respect to an axis normal to a
surface of the target, the asymmetry in the curvilinear
cathodic arc discharge occurring in a horizontal and/or
vertical direction; and ® ok ok ok



